Making sense of changing coastal systems: overcoming barriers to climate change adaptation using fuzzy cognitive mapping by Gray, Stefan
UCC Library and UCC researchers have made this item openly available.
Please let us know how this has helped you. Thanks!
Title Making sense of changing coastal systems: overcoming barriers to
climate change adaptation using fuzzy cognitive mapping
Author(s) Gray, Stefan
Publication date 2019-07
Original citation Gray, S. 2019. Making sense of changing coastal systems: overcoming
barriers to climate change adaptation using fuzzy cognitive mapping.
PhD Thesis, University College Cork.
Type of publication Doctoral thesis








































































































































































































































































































































































































































































management	 and	 resilience	 literatures	might	 prove	 useful	 in	 enhancing	 the	 adaptive	
capacity	of	Irish	coastal	management	in	the	face	of	climate	change.		
The	 research	described	 in	 this	 thesis	was	developed	under	CLAD’s	broad	umbrella	of	

























The	 project’s	 aim	was	 to	 develop	 climate	 change	 adaptation	 strategies	 at	 each	 of	 the	
case	 study	 sites.	 Each	 site	 employed	 a	 novel	 Expert	 Couplet	Node	 (ECN)	 approach	 to	
knowledge	generation	and	diffusion.	Each	ECN	was	comprised	of	an	academic	research	
team	 and	 a	 paired	 planning/practitioner	 team	 involved	 in	 the	 practical	 design	 and	
implementation	of	adaptation	locally.	
The	 project	 team	 developed	 a	 scenario-based	 adaptation	 process	 methodology	 (see	
paper	1)	which	formed	the	backbone	of	the	adaptation	strategy	developed	at	each	case	
study	site.	
In	 Cork	 Harbour,	 the	 application	 of	 the	 IMCORE	 scenario-based	 method	 informed	 a	
baseline	assessment	of	the	strengths	and	limitations	of	scenario	analysis	as	a	foundation	
for	coastal	adaptation.	Access	to	similar	work	undertaken	at	other	IMCORE	case	study	
locations	also	helped	 to	differentiate	what	might	 constitute	 generalisable	 truths	of	 its	
use	from	site-specific	quirks	of	the	process	in	Cork.	
CoastAdapt	
CoastAdapt	 was	 a	 project	 focussed	 on	 supporting	 coastal	 communities	 of	 the	 North	
Atlantic	periphery	in	adapting	to	the	impacts	of	climate	change.	The	project	took	in	five	
case	 study	 sites	 in	 four	 countries	 (Iceland,	Norway,	 Ireland	 and	Scotland),	 adopting	 a	
strongly	 community-led	 approach	 to	 the	 development	 and	 trial	 of	 innovative	
approaches	to	adaptation	strategy	development.	
The	 project	 focussed	 on	 understanding	 how	 people,	 businesses	 and	 local	 authorities	








In	 the	 context	 of	 this	 research,	 the	 support	 and	 resources	 of	 the	 CoastAdapt	 project	
were	key	drivers	in	exploring	innovative	participatory	modelling	methods	in	the	Tralee	
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Enhances	perception	 	 	 	 	 	 	 	 	 	
Deals	with	uncertainty	 	 	 	 	 	 	 	 	 	
Integrates	planning	 	 	 	 	 	 	 	 	 	
Enhances	
communication	
	 	 	 	 	 	 	 	 	
Facilitates	
organisational	learning	
	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	
	 	 	 Indicates	a	claimed	benefit	offering	a	strong	potential	to	overcome	a	specific	barrier	
	 	 	 Indicates	a	claimed	benefit	offering	a	moderate	potential	to	overcome	a	specific	barrier	


































































































































































Copes	with	complexity		 	 	 	 	 	 	 	 	 	
Integrates	knowledge	across	
domains	and	scales		
	 	 	 	 	 	 	 	 	
Identifies,	makes	explicit	
contrasting	system	views		
	 	 	 	 	 	 	 	 	
Facilitates	social	learning		 	 	 	 	 	 	 	 	 	
Builds	a	shared	conception	of	
the	system		
	 	 	 	 	 	 	 	 	
Generates	new	insights		 	 	 	 	 	 	 	 	 	
Bridges	gaps	between	science	
and	decision	making		
	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	
	 	 	 Indicates	a	claimed	benefit	offering	a	strong	potential	to	overcome	a	specific	barrier	
	 	 	 Indicates	a	claimed	benefit	offering	a	moderate	potential	to	overcome	a	specific	barrier	










































































aspects	 of	 the	 research	 questions	 described	 above.6	 The	 design	 of	 decision	 support	









2. the	 methodological	 strengths,	 weaknesses	 and	 participatory	 credentials	 of	 an	
alternative	to	scenario	analysis	in	FCM;		







4. an	 exploration	 of	 the	 analytical	 insight	 into	 barrier	 status	 provided	 by	 FCM	 via	
reference	to	case	studies	in	Ireland	and	Scotland;	














o Describing	 a	 scenario	 analysis-based	 method	 of	 facilitating	 coastal	 climate	
adaptation	
o Describing	 the	 use	 of	 the	method	 via	 reference	 to	 a	 case	 study	 in	 Cork	 Harbour,	
Ireland	
o Using	a	framework	of	adaptation	barriers	derived	from	the	literature	to	determine	
how	 well	 the	 claimed	 strengths	 of	 scenario	 analysis	 perform	 in	 supporting	 a	
stakeholder	driven	coastal	adaptation	process	
o Identifying	where	 scenario	 analysis	 specifically	works	well	 and/or	 falls	 short	 as	 a	
decision	support	tool	


















o What	 the	 metrics	 of	 FCM	 might	 infer	 in	 complex	 adaptive	 systems	 analysis	
contexts	
o What	inferences	might	(and	might	not)	be	drawn	from	‘group	models’	








overcoming	 adaptation	 barriers	 via	 the	 Moser-Ekstrom	 diagnostic	 framework	 and	
describes	 a	 case	 study	 involving	 the	 use	 of	 the	 method	 in	 Tralee	 Bay.	 The	 method	






o Setting	 out	 (via	 reference	 to	 the	 literature)	 FCM’s	 credentials	 in	 respect	 to	
facilitating	decision	making	in	data	scarce/uncertain	contexts	
o Describing	an	FCM-based	method	of	facilitating	coastal	climate	adaptation		
o Describing	 the	 use	 of	 the	method	 via	 reference	 to	 a	 case	 study	 in	 Tralee	 Bay,	
Ireland	
o Using	 the	 barrier	 framework	 developed	 in	 paper	 1	 to	 assess	 the	 FCM-based	
method’s	capacity	to	overcome	adaptation	barriers	










Building	 on	 the	 conceptual	 foundations	 of	 Paper	 2,	 the	 effects	 of	 disjunctures	 in	
perception	regarding	climate	change	between	local	and	national	level	stakeholders	are	
illustrated,	 via	 references	 to	 case	 studies	 in	 Tralee	 Bay	 in	 Ireland,	 and	 The	 Outer	
Hebrides	 in	 Scotland.	 Referring	 to	 the	 Moser-Ekstrom	 diagnostic	 framework,	 the	
chapter	illustrates	that	conclusions	may	be	drawn	regarding	how	climate	change	impact	










o Describing	 the	 use	 of	 the	method	 via	 reference	 to	 case	 studies	 in	 Tralee	 Bay,	
Ireland,	and	the	Outer	Hebrides,	Scotland	
o Analysing	 the	 differences	 between	 stakeholders	 in	 key	 barriers	 encountered	
during	the	‘understanding’	phase	of	an	adaptation	process	








the	potential	 need	 for	 transformative	 change	 in	 order	 to	 substantively	 reduce	 coastal	
vulnerability	 to	 climatic	 risk.	 The	 chapter	 finds	 that	 no	 truly	 objective,	 quantitative	
conclusion	may	be	drawn	with	respect	to	shifts	in	system	steady	state	using	FCM	alone.	
There	 may	 nevertheless	 be	 considerable	 benefit	 to	 stakeholders	 involved	 in	 an	
adaptation	 process	 envisioning	 change	 in	 these	 terms,	 with	 the	 limited	 effect	 of	
incremental	change	on	the	trajectory	of	key	system	nodes	being	made	explicit.	
Objectives	




o Establishing	 the	 FCM	 baseline	 scenario	 as	 a	 corollary	 of	 the	 resilience	 theory	
‘basin	of	attraction’	
o Illustrating	the	role	of	variable	‘clamping’	and/or	the	addition	of	new	concepts	to	
create	 alternate	 scenarios,	 potentially	 indicating	 a	 transition	 to	 an	 alternate	
basin	of	attraction	














































































































































































































































































































































































































































































































































































































































































































































































































































































































































perception	 	 	 	 	 	 	 	 	 	
Deals	with	
uncertainty	 	 	 	 	 	 	 	 	 	
Integrates	planning	 	 	 	 	 	 	 	 	 	
Enhances	




	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	
	 	 	 Indicates	a	claimed	benefit	offering	a	strong	potential	to	overcome	a	specific	barrier	
	 	 	 Indicates	a	claimed	benefit	offering	a	moderate	potential	to	overcome	a	specific	barrier	





















































































































































































































































































































perception	 1	 2	 3	 3	 5	 	 	 	 6	
Deals	with	
uncertainty	 1	 2	 3	 3	 5	 	 6	 7	 7	
Integrates	
planning	 1	 2	 4	 4	 5	 1	 6	 	 	
Enhances	
communication	






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coastal Squeeze Coastal Access Points








































































































Composite Model – Tralee Bay Coastal System (Stronger Forcings)
0.42





















































































































































Marine Transport & 
Navigation























































































































































































































































































































































































































































































































Copes	with	complexity		 	 	 	 	 	 	 	 	 	
Identifies,	makes	explicit	
contrasting	system	views		 	 	 	 	 	 	 	 	 	
Integrates	knowledge	
across	domains	and	scales		 	 	 	 	 	 	 	 	 	
Generates	new	insights		 	 	 	 	 	 	 	 	 	
Facilitates	social	learning		 	 	 	 	 	 	 	 	 	
Builds	a	shared	































































































































Weak	positive	 0.25	 Weak	negative	 -0.25	
Moderate	positive	 0.50	 Moderate	negative	 -0.50	























𝐴"($%&) = 𝑓 -𝐴"






	 	 	 𝐴"
($)is	the	value	of	element	Vi	at	iteration	step	k,	
	 	 	 𝐴(
($)is	the	value	of	element	Vj	at	iteration	step	k,	





































































































































































































































Copes	with	complexity		 2,4,7	 2,4	 4,5,7	 4,5,7	 7	 1,4,7	 7	 7	 7	
Identifies,	makes	explicit	
contrasting	system	views		 4	 4,7	 4,7	 4,7	 5,7	 1	 5,7	 7	 7	
Integrates	knowledge	
across	domains	and	scales		 2,4,7	 5,7	 4,5,7	 4,5,7	 5,7	 5,7	 7	 7	 7	
Generates	new	insights		 4,7	 4,7	 4,7	 4,5,7	 4,5,7	 4,7	 5,7	 7	 7	
Facilitates	social	learning		 4,7	 4,7	 4,7	 4,7	 5,7	 4,7	 7	 7	 7	
Builds	a	shared	





























































































































































































































































































































































































Tourism	and	recreation	 		 		 		 		 		 		 6	
Environmental	legislation	and	policy	 		 		 		 		 		 		 5	
Coastal	processes	 		 		 		 		 		 		 5	
Residential	development	 		 		 		 		 		 		 5	
Agriculture	 		 		 		 		 		 		 3	
Commerce,	industry	and	manufacturing	 		 		 		 		 		 		 2	
Fisheries	 		 		 		 		 		 		 2	
Aquaculture	 		 		 		 		 		 		 1	
Migration	and	demographic	change	 		 		 		 		 		 		 1	






Coastal	access	points	 		 		 		 		 		 		 5	
Coastal	population	growth	 		 		 		 		 		 		 4	
Enforcement	of	environmental	protection	 		 		 		 		 		 		 4	
Marine	pollution	 		 		 		 		 		 		 4	
Port	and	marina	facilities	 		 		 		 		 		 		 4	
Coastal	squeeze	 		 		 		 		 		 		 3	
Commercial	fishing	 		 		 		 		 		 		 3	
Terrestrial	surface	water	pollution	 		 		 		 		 		 		 3	
Roads	and	transport	infrastructure	 		 		 		 		 		 		 3	
Soil	contamination	 		 		 		 		 		 		 2	
Marine	traffic	 		 		 		 		 		 		 1	
Demand	for	social	amenities/services	 		 		 		 		 		 		 1	
Terrestrial	traffic	 		 		 		 		 		 		 1	
Demand	for	(fisheries)	resource	access	 		 		 		 		 		 		 1	
Commuter	belts/urban	sprawl	 		 		 		 		 		 		 1	





Dune	systems:	degraded/unstable	 		 		 		 		 		 		 4	
River	systems:	altered/channelized	 		 		 		 		 		 		 3	
Local	employment:	falling	 		 		 		 		 		 		 3	
Coastal	population:	strong/linked	 		 		 		 		 		 		 3	
Coastal	population:	peripheral/dispersed	 		 		 		 		 		 		 3	
Invasive	species:	unchecked/dominant	 		 		 		 		 		 		 2	
Wetlands:	reduced/degraded	 		 		 		 		 		 		 2	
Benthic	habitat:	degraded	 		 		 		 		 		 		 2	
Harmful	algal	blooms:	prevalent/severe	 		 		 		 		 		 		 2	
Local	employment:	rising	 		 		 		 		 		 		 2	
Coastal	development:	ad-hoc	 		 		 		 		 		 		 2	
Coastal	development:	strategic	 		 		 		 		 		 		 1	
Coastal	processes:	natural	 		 		 		 		 		 		 1	




Cliff	systems:	structurally	degraded	 		 		 		 		 		 		 1	
Sea	water	quality:	high/improving	 		 		 		 		 		 		 1	
Sea	water	quality:	low/deteriorating	 		 		 		 		 		 		 1	
Benthic	habitat:	productive/diverse	 		 		 		 		 		 		 1	
Cliff	systems:	structurally	sound	 		 		 		 		 		 		 1	
Wetlands:	preserved/enhanced	 		 		 		 		 		 		 0	
Dune	systems:	healthy/protected	 		 		 		 		 		 		 0	
Harmful	algal	blooms:	decreasing/less	severe	 		 		 		 		 		 		 0	
River	systems:	natural/mobile	 		 		 		 		 		 		 0	
Air	quality:	high/improving	 		 		 		 		 		 		 0	
Air	quality:	low/deteriorating	 		 		 		 		 		 		 0	





Coastal	amenity:	leisure/recreation	 		 		 		 		 		 		 5	
Marine	transport	and	navigation	 		 		 		 		 		 		 4	
Cultural	heritage	 		 		 		 		 		 		 4	
Flood	protection:	storm	surge/tidal/fluvial	 		 		 		 		 		 		 4	
Food	provision:	terrestrial	agriculture	 		 		 		 		 		 		 3	
Habitable	land:	secure	coastal	development	 		 		 		 		 		 		 3	
Sea	level	rise	buffering	 		 		 		 		 		 		 3	
Food	provision:	marine	organisms	 		 		 		 		 		 		 3	
Inshore	marine	productivity	 		 		 		 		 		 		 2	
Raw	material	provision	 		 		 		 		 		 		 1	
Water	supply:	industrial/residential	 		 		 		 		 		 		 1	






Local	authority	planning/zoning	 		 		 		 		 		 		 5	
Economic	diversification	 		 		 		 		 		 		 3	






Construction	of	coastal/flood	defences	 		 		 		 		 		 		 2	
Introduction/enforcement	of	by-laws	 		 		 		 		 		 		 2	
NGO	protest		 		 		 		 		 		 		 2	
Civil	society	lobbying	 		 		 		 		 		 		 1	
Seek	investment:	EU/national/private	 		 		 		 		 		 		 1	
Payment	of	EU	fines	 		 		 		 		 		 		 1	
Increased	commercial	exploitation	 		 		 		 		 		 		 1	
Individual	insurance	cover	 		 		 		 		 		 		 1	
Re-location	away	from	coast	 		 		 		 		 		 		 1	
Champions	 		 		 		 		 		 		 1	









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	 Tralee	Bay	 Outer	Heb.	 Tralee	Bay	 Outer	Heb.	 Tralee	Bay	 Outer	Heb.	
Very	 55%	 36%	 42%	 7%	 29%	 n/a	
Somewhat	 29%	 57%	 23%	 71%	 26%	 n/a	
Not	very	 16%	 0%	 35%	 7%	 45%	 n/a	
188	

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	 A	 B	 C	 D	
A	 1	 0.5	 -0.5	 0	
B	 0	 0	 0	 0	
C	 0	 -0.5	 0	 0	


















































































































































































































































































































































































































































































































































































































































































































































P re-adapta tion P os t-a dapta tion P re-adapta tion
P os t-
a dapta tion
LE ADE R s ta rt-up funding 0.00000 0.00000
S us ta inable energ y g enera tion 0.00000 0.04542
Tra lee B a y s low-food initia tive 0.00000 0.04542
Culture/ecolog y ba s ed touris m 0.00000 0.23109
P a rtic ipa tory pla nning  mea s ures 0.00000 0.04542
Mana ged rea lig nment 0.00000 0.03404 0.00000 0.23872 P os itive externa lities : commercia l a dapta tion
K nowledge exchange: loca l initia tives 0.00000 0.04542 0.00000 0.13684 R is k mitig a tion: pla nning  controls
Tra lee B a y community network 0.00000 0.22878 0.00000 0.24891 Cos t/benefit a na lys is : coa s ta l res ource mana gement
E nvironmenta l Leg is la tion a nd P olicy 0.16381 0.16382 -0.07650 -0.07650 E nvironmenta l Leg is la tion a nd P olicy
Touris m and Recrea tion 0.27316 0.28448 0.15615 0.11805 Touris m and Recrea tion
Res identia l Development 0.04763 0.07170 -0.07229 -0.18374 Res identia l Development
F is heries -0.06722 -0.06173 -0.07314 -0.02509 F is heries
Ag riculture -0.04359 0.23590 -0.20206 -0.23835 Ag riculture
Commerce, Indus try & Manufa cturing -0.03111 0.00224 -0.19192 -0.15178 Commerce, Indus try & Manufa cturing
Aqua culture -0.11592 -0.11381 -0.15531 -0.11183 Aqua culture
Roads  a nd Trans port Infra s tructure -0.03824 0.02270 -0.22672 -0.22553 Roads  a nd Trans port Infra s tructure
Terres tria l Tra ffic 0.10520 0.10925 0.09572 0.08718 Terres tria l Tra ffic
Coa s ta l P opula tion Growth 0.05158 0.06957 -0.13326 -0.12661 Coa s ta l P opula tion Growth
Coa s ta l S queeze 0.20622 0.11835 0.29315 0.21796 Coa s ta l S queeze
Coa s ta l Acces s  P oints -0.02949 -0.12662 -0.18041 -0.18704 Coa s ta l Acces s  P oints
P ort a nd Ma rina  F a cilities -0.01436 0.04679 -0.15304 -0.15369 P ort a nd Ma rina  F a cilities
Ma rine Tra ffic 0.01294 0.01340 0.01004 0.01006 Ma rine Tra ffic
Commuter B elts /Urban S prawl -0.06411 -0.06799 -0.05266 -0.18700 Commuter B elts /Urban S prawl
E ROS ION 0.21892 0.21892 0.28466 0.28466 E ROS ION
COAS TAL INUNDATION/F LOODING 0.26161 0.26161 0.37815 0.37815 COAS TAL INUNDATION/F LOODING
DROUGHT 0.20760 0.20760 0.26311 0.26311 DROUGHT
Loca l Coa s ta l P roces s es  (other) 0.12112 0.12112 0.12112 0.12112 Loca l Coa s ta l P roces s es  (other)
Terres tria l S urfa ce Wa ter P ollution 0.10514 0.12401 0.25862 0.25048 Terres tria l S urfa ce Wa ter P ollution
Ma rine P ollution -0.03507 -0.03659 0.00797 0.00167 Ma rine P ollution
Commercia l F is hing -0.14518 -0.14500 -0.20763 -0.20317 Commercia l F is hing
S oil Contamina tion 0.03423 0.04965 0.06319 0.05713 S oil Contamina tion
Demand for Res ource Acces s 0.05589 0.02261 0.04395 0.04472 Demand for Res ource Acces s
E nforcement: E nvironmenta l P rotection 0.21561 0.21592 -0.02222 -0.02244 E nforcement: E nvironmenta l P rotection
B enthic Habita t -0.02555 -0.02521 -0.05195 -0.05200 B enthic Habita t
Cliff S ys tems -0.06655 -0.06655 -0.18823 -0.18823 Cliff S ys tems
S ea  Wa ter Qua lity 0.03268 0.03261 -0.04009 -0.04040 S ea  Wa ter Qua lity
Ha rmful Alg a l B looms -0.01233 -0.01236 -0.04017 -0.04030 Ha rmful Alg a l B looms
R iver S ys tems -0.10389 -0.10284 -0.31196 -0.31200 R iver S ys tems
Wetla nds -0.19240 -0.07261 -0.27085 0.35030 Wetla nds
Dune S ys tems -0.20607 -0.10492 -0.39871 0.13884 Dune S ys tems
E colog ica l Niches : Na tive S pecies -0.10591 0.00340 -0.16416 -0.16446 E colog ica l Niches : Na tive S pecies
Loca l E mployment 0.05828 0.08351 0.12735 0.12824 Loca l E mployment
Community Cohes ion 0.12883 0.15013 0.09665 0.12476 Community Cohes ion
Integ ra ted Coa s ta l Development -0.12478 0.23032 -0.38578 -0.02114 Integ ra ted Coa s ta l Development
F ood P rovis ion: Ma rine Org anis ms -0.04952 -0.04750 -0.10906 -0.09642 F ood P rovis ion: Ma rine Org anis ms
F ood P rovis ion: Terres tria l Ag riculture -0.04648 -0.04400 -0.13524 -0.12317 F ood P rovis ion: Terres tria l Ag riculture
Ins hore Ma rine P roductivity -0.00075 0.00040 -0.06220 -0.06222 Ins hore Ma rine P roductivity
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Copes	with	complexity		 2,4,7	 2,4	 4,5,7	 4,5,7	 7	 1,4,7	 7	 7	 7	
Identifies,	makes	explicit	
contrasting	system	views		 4	 4,7	 4,7	 4,7	 5,7	 1	 5,7	 7	 7	
Integrates	knowledge	
across	domains	and	scales		 2,4,7	 5,7	 4,5,7	 4,5,7	 5,7	 5,7	 7	 7	 7	
Generates	new	insights		 4,7	 4,7	 4,7	 4,5,7	 4,5,7	 4,7	 5,7	 7	 7	
Facilitates	social	learning		 4,7	 4,7	 4,7	 4,7	 5,7	 4,7	 7	 7	 7	
Builds	a	shared	




4	,7	 7	 7	 5,7	 5,7	 5,7	 5,7	 7	 7	
Figure	59:	Locating	stages	of	the	FCM-based	adaptation	process	within	the	matrix	of	claimed	benefits	of	
FCM	and	known	barriers	to	adaptation	at	the	local	scale.	
The	findings	of	case	study	experimentation	supported	this	estimation	of	contribution	value,	
with	stakeholders	coming	to	similar	conclusions	in	post-process	discussions	and	reflections	on	
its	strengths	and	weaknesses.	Although	this	finding	is	perhaps	unsurprising	given	the	‘tailor-
made’	differences	between	the	two	methods,	with	the	FCM-based	method	having	been	designed	
with	the	shortcomings	of	scenario-based	adaptation	in	mind,	there	is	nevertheless	considerable	
value	in	learning	from	the	specific	gains	of	the	FCM-based	approach	in	connecting	with	coastal	
adaptation	stakeholders	and	bringing	adaptation	to	them,	rather	than	having	them	come	to	
adaptation.		
This	key	difference	offers	an	insight	which	the	adaptation	services	practitioners	can	benefit	
from	in	designing	interventions	where	co-creation	of	knowledge	is	an	explicit	aim	–	as	is	
frequently	the	case.	The	adaptation	services	community	has	acknowledged	that	connecting	
information	on	anticipated	climatic	and	socioeconomic	change	at	national	and	regional	scale	
with	the	immediate	decision-processes	of	stakeholders	at	the	local	scale	has	proven	problematic	
over	the	years,	with	the	disjuncture	in	prioritisation	between	longer	term	and	to	some	extent	
purely	conceptual	concerns	of	climate	change	coming	a	distant	second	to	the	immediate	
pressure	exerted	by	the	need	to	provide	homes,	jobs	and	cultural	points	of	connection	for	the	
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stakeholders	of	today.	I	would	argue	that	during	the	course	of	this	research	it	became	clear	that	
simply	‘turning	up	the	volume’	on	climate	impacts	–	whether	via	visualisation,	statistics	or	
descriptive	projections	–	is	perhaps	necessary	but	insufficient	if	altering	the	priorities	of	
stakeholders	in	any	meaningful	way	is	our	aim.	Simply	increasing	the	level	of	climate	
information	alone	cannot	be	expected	to	change	the	need	for	coastal	decision	makers	to	
respond	to	the	demands	of	their	key	stakeholders	in	the	present.		
Perhaps	a	more	defensible	proposition	is	that	incorporating	climate	drivers	into	the	mental	
models	of	decision	makers	in	the	ways	described	in	paper	3	will	allow	the	signals	of	climate	
change	to	incrementally	become	central	to	the	thinking	of	coastal	decision	makers	(and	their	
stakeholders)	as	decisions	are	taken	over	time,	and	the	FCM-based	tool	for	communicating	them	
becomes	more	commonplace	in	stakeholder	deliberation.	Reinforcing	the	‘shouts’	of	
visualisations	of	catastrophic	futures	with	the	‘whispers’	of	constant	low	levels	of	change	as	
illustrated	by	climate	drivers	in	FCM	contexts	may	achieve	more	than	shouting	alone	can.	It	
would	be	useful	to	conduct	more	research	in	this	field	to	establish	the	optimum	role	and	balance	
between	these	approaches.	
Nevertheless,	no	adaptation	support	method	comes	without	significant	drawbacks.	For	FCM,	the	
overhead	of	using	the	method	is	much	greater,	requiring	the	investment	of	time	and	
development	of	specific	capacities	that	might	potentially	undermine	its	added	utility	in	real	
world	settings	unless	it	is	supported	at	a	level	beyond	the	local.	It	also	cannot	provide	the	
unexpected	‘shout’	of	surprise	alluded	to	above.	FCM	is	a	linear	and	deterministic	tool,	reflecting	
whatever	is	initially	encoded	into	its	opening	matrix	as	the	pool	from	which	all	futures	must	
emerge.	This	can	be	(and	has	been)	circumvented	to	provide	simulated	surprise	–	either	via	
linkage	to	random	number	generation	at	specific	points	in	an	FCM	iteration	cycle	or	creating	
timed	intervention	points	at	which	pre-programmed	‘surprises’	can	be	introduced	through	the	
clamping	of	different	parts	of	the	matrix	than	the	initial	scenario	envisaged.	These	are	
nevertheless	rather	clunky	workarounds	for	the	inherent	limitations	of	FCM	and	cannot	truly	
compensate	for	them.	
Further	research	into	how	best	to	exploit	the	strengths	of	FCM	and	compensate	for	its	
limitations	would	be	valuable,	given	the	considerable	benefits	it	offers	in	overcoming	early	
stage	adaptation	barriers	and	moving	stakeholders	forward	in	an	adaptation	process	to	tackle	
more	difficult	decisions	than	might	otherwise	have	been	possible.	
7.1.7. Objectives	of	paper	4	
The	main	objective	of	paper	4	was	to	assess	the	utility	of	FCM	in	diagnosing	the	problems	
caused	by	specific	adaptation	barriers.	This	was	achieved	by:	
o Describing	the	analytical	metrics	and	measures	available	via	FCM	
o Illustrating	how	these	might	be	used	to	gain	important	insights	into	the	problem	
framing	of	coastal	adaptation	decision	makers	
o Describing	the	use	of	the	method	via	reference	to	case	studies	in	Tralee	Bay,	Ireland,	and	
the	Outer	Hebrides,	Scotland	
o Analysing	the	differences	between	stakeholders	in	key	barriers	encountered	during	the	
‘understanding’	phase	of	an	adaptation	process	
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o Highlighting	the	implications	of	any	differences	in	signal	detection,	problem	framing,	etc	
between	central	and	local	scale	agents	of	adaptation	action	
7.1.8. Findings	of	paper	4	
It	became	very	clear	during	the	course	of	the	research	underpinning	this	paper	that	local	scale	
adaptation	decision	makers	develop	a	mental	model	of	the	coastal	system	quite	different	to	that	
of	national	scale	specialists.	The	key	influences	in	how	local	scale	decision	makers	create	a	
coastal	systems	model	are	temporally,	spatially	and	socioeconomically	immediate.	They	do	not	
have	the	luxury	of	conceptual	distance	from	the	subject	of	coastal	vulnerability	–	it	is	rooted	in	
the	people	and	places	they	must	interact	with	on	a	daily	basis,	and	is	therefore	(in	my	view	
appropriately)	subjectively	skewed	toward	the	parochial	needs	of	the	community.	The	point	at	
which	these	needs	intersect	with	the	challenges	raised	by	global	environmental	change	is	
important	to	understand,	and	perhaps	worthy	of	future	research.			
Local	modellers	saw	fewer	connections	between	biophysical	ecosystem	services	and	climate	
resilience	than	national	scale	modellers	did,	but	nevertheless	prized	the	habitats	providing	
them	very	highly	–	often	for	reasons	related	to	tourism,	amenity	and	culture,	noting	their	crucial	
role	in	other	aspects	of	the	socio-economic	life	of	the	area.	
They	also	saw	less	evidence	of	a	signal	of	long	term	environmental	change	influencing	the	
coastal	system,	and	advocated	management	decisions	reflecting	a	temporal	prioritisation	of	
(anticipated)	immediate	cause	and	effect	over	longer	term	patterns	of	change.	For	example,	a	
mooted	adaptation	measure	in	Scotland	with	dune	protection	measures	comprised	of	car	tyre	
stacks	was	not	immediately	rejected	on	the	grounds	of	its	impermanence	and	ecological	harm.	
Instead	the	more	immediate	and	obvious	attempt	to	intervene	in	dune	retreat	and	mollify	
concerned	local	stakeholders	was	seen	as	valuable	(although	ultimately	did	not	go	ahead).	
Insights	from	the	local	scale	are	nevertheless	much	more	nuanced	and	context	specific	than	the	
generalisable	scientific	perspective	of	the	national	scale.	The	potential	to	be	somewhat	rail-
roaded	into	potentially	counterproductive	or	ineffective	adaptation	choices	aside,	the	important	
connection	local	scale	decision	makers	have	with	the	needs	of	coastal	communities	is	valuable	
and	useful	to	harness.	
Bridging	between	these	views	is	necessary	in	order	to	see	pre-emptive	and	locally	legitimate	
adaptation	action	become	more	commonplace.	If	national	science	providers	and	policy	makers	
can	find	the	appropriate	mechanisms	to	connect	with	decision	makers	at	the	local	scale	the	
quality	of	adaptation	initiatives	undertaken	will	only	improve.	This	is	where	methods	such	as	
FCM,	or	a	similarly	participatory	mental	modelling	technique,	must	be	employed	to	achieve	
substantive	breakthroughs	in	understanding	and	prioritisation.	Information	provision	alone	
will	not	suffice.	
7.1.9. Objectives	of	paper	5	
The	primary	objective	of	paper	5	was	to	assess	whether	progress	toward	(or	away	from)	
desired	social-ecological	system	resilience	attributes	can	be	measured	using	FCM,	by:	
o Describing	a	method	of	participatory	resilience	analysis	using	FCM	
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o Establishing	the	FCM	baseline	scenario	as	a	corollary	of	the	resilience	theory	‘basin	of	
attraction’	
o Illustrating	the	role	of	variable	‘clamping’	and/or	the	addition	of	new	concepts	to	create	
alternate	scenarios,	potentially	indicating	a	transition	to	an	alternate	basin	of	attraction	
o Assessing	the	extent	to	which	the	method	might	be	employed	in	resilience	assessment	
via	reference	to	a	case	study	in	Tralee	Bay,	Ireland.	
7.1.10. Findings	of	paper	5	
Attributes	of	systems	modelled	by	climate	adaptation	stakeholders	make	a	compelling	case	as	
illustrative	of	a	notional	‘basin	of	attraction’	within	a	conceptual	resilience	landscape.	Some	of	
these	attributes	have	a	degree	of	universality	–	spanning	different	social-ecological	system	types	
in	their	application	(ecosystem	services	such	as	food	provision,	habitable	land,	and	
bioremediation).	Others	are	highly	coastally	specific	(sea	level	rise	buffering,	coastal	amenity	
and	marine	navigation).	Using	them	to	differentiate	whether	a	system	is	moving	toward	or	away	
from	a	desired	equilibrium	(or	long	term	persistent	steady	state)	makes	sense	from	first	
principles.	How	else	are	we	to	judge	our	environmental	interventions	unless	against	the	extent	
to	which	they	preserve	or	enhance	the	attributes	of	our	social-ecological	systems	that	we	value	
most	highly?	
Moving	this	first	principle	analysis	into	the	world	of	adaptation	evaluation	is	a	similarly	
intuitive	step.	FCM	provides	useful	measures	of	these	attributes,	arrived	at	via	the	mental	
models	of	expert	stakeholders.	Although	of	course,	not	objectively	parameterised	measures,	
these	nevertheless	provide	a	shorthand	via	which	decision	makers	can	convey	their	views	of	the	
systems	they	are	attempting	to	manage.	This	allows	the	influence	of	climate	change	impacts	and	
adaptation	efforts	to	be	estimated	in	an	engaging	way	by	altering	the	structure	and/or	
composition	of	an	FCM,	which	in	turn	provides	different	baseline	scenario	signatures.	
These	signatures	might	be	argued	to	reflect	a	change	in	the	position	of	the	system	in	relation	to	
it	basin	of	attraction.	This	becomes	an	increasingly	tenuous	claim	to	make	given	the	entirely	
subjective	nature	of	the	system	model,	and	perhaps	just	as	damningly,	the	inability	of	the	
modelling	technique	to	truly	represent	non-linear	dynamics,	or	indeed	any	form	of	surprise,	in	
its	handling	of	system	behaviour.	Whatever	is	inbuilt	in	the	initial	conditions	of	the	system	must	
play	out,	unless	artificially	manipulated	to	do	otherwise.	
Despite	serving	to	negate	the	validity	of	using	FCM	as	a	de-facto	determinant	of	resilience,	in	the	
sense	of	where	the	system	sits	in	a	notional	basin	of	attraction,	the	approach	can	offer	useful	
insights	into	what	decision	makers	think	they	are	doing	when	they	intervene	in	a	complex	
social-ecological	system	such	as	a	coastal	zone.	By	stripping	out	the	complex	non-linear	
dynamics	and	capacity	for	surprise,	an	FCM	can	offer	a	reasonably	informative	‘ceteris	paribus’	
tool	for	sense-checking	adaptive	interventions.	Although	this	falls	some	way	short	of	a	much-
hoped	for	metric	for	determining	resilience,	it	is	nevertheless	a	valuable	contribution	to	the	
field	of	adaptation	and	warrants	continued	attention.	
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7.2. SUMMARY	AND	FUTURE	RESEARCH	NEEDS	
This	research	has	found	that	FCM	offers	a	significant	improvement	on	existing	scenario-based	
approaches	to	adaptation,	without	fully	achieving	the	kinds	of	breakthroughs	in	stakeholder	
perception	and	resilience	enhancement	that	it	initially	promised.		
These	limitations	are	due	to	the	method’s	inability	to	model	dynamic,	non-linear	relationships	
between	variables,	and	it’s	inability	to	work	well	with	existing	datasets	to	bridge	gaps	between	
the	known	and	unknown.	This	does	not	denigrate	from	its	capacity	to	overcome	adaptation	
barriers	(particularly	at	the	earlier	stages	of	an	adaptation	process)	where	stakeholders	are	
struggling	to	communicate	their	understanding	of	the	coastal	system	to	each	other,	discuss	the	
problems	they	believe	 it	faces,	gather	information	about	how	to	overcome	those	problems,	and	
make	assumptions	about	how	they	want	to	adapt.		
These	barriers	are	now	well	established	as	critical	issues	to	resolve,	and	any	decision	support	
approach	which	can	help	to	do	so	is	hugely	valuable.	It	need	not	be	perfect	to	be	useful,	as	
evidenced	in	both	Tralee	Bay	and	the	Outer	Hebrides,	where	a	number	of	otherwise	difficult	
obstacles	to	progress	were	overcome	with	relative	ease	due	to	the	type	of	conversations	and	
exchanges	of	knowledge	which	the	FCM	methodology	made	possible.	It	was	clear	that	scenario	
analysis	alone	most	certainly	did	not	have	the	same	effect	in	Cork	Harbour,	or	in	any	of	the	
other	8	case	study	locations	where	it	was	employed	under	the	IMCORE	project.	
This	is	an	important	factor	to	bear	in	mind	when	evaluating	the	performance	of	FCM	as	a	means	
of	facilitating	good	adaptation	decision	making	–	other	methods	which	perform	less	capably	
ultimately	create	additional	barriers	by	causing	stakeholders	to	dis-engage	with	the	process.	
Arguably	the	greatest	virtue	of	FCM	was	its	engaging	‘fuzziness’	which	kept	a	broad	range	of	
people,	who	were	experts	in	different	fields,	with	different	forms	of	data	at	their	disposal	and	
often	widely	diverging	views,	actively	and	good-naturedly	engaged	around	a	table	and	
discussing	adaptation.	Anyone	who	has	spent	any	time	in	mixed	stakeholder	settings	where	
contentious	decisions	must	be	arrived	at	will	attest	to	the	value	of	that	particular	attribute	of	
the	method.	The	tongue	in	cheek	‘Caught	by	the	fuzz’	title	of	paper	three	in	this	thesis	referred	
to	this	characteristic,	in	keeping	stakeholders	in	the	room,	in	the	conversation,	and	not	staring	
distractedly	at	phones	or	making	their	excuses	to	exit	early.	
More	work	can	be	done	with	FCM	to	make	it	fit	for	adaptation	purposes,	and	the	fact	that	
progress	in	that	direction	has	stalled	somewhat	in	recent	years	is	concerning.	Developing	FCMs	
that	can	serve	as	useful	‘off-the-shelf’	backbone	supports	for	adaptation	projects	at	sub-national	
scales	should	not	be	an	onerous	task,	and	would	add	much	needed	rigour	and	validity	to	
stakeholder-based	studies	in	regions	where	scientific	support	is	frequently	patchy.	The	ongoing	
doubt	with	which	systems	modelling	approaches	appear	to	be	viewed	by	funding	bodies	and	
policy	makers	appears	at	odds	with	the	enthusiasm	of	the	research	community,	and	
increasingly,	the	approaches	being	taken	up	by	the	more	progressive	branches	of	systems-based	
sustainability	analyses	supported	by	organisations	such	as	FutureFit,12	or	recent	adaptation	
guidance	promulgated	by	the	International	Standards	Organisation	such	as	ISO14090.		
	
12	https://futurefitbusiness.org/	
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These	sources	indicate	an	increasing	interest	in	modelling	complex	systems	to	allow	us	to	
conceive	of	them	as	holistic,	integrated	and	interdependent	across	scales.	While	FCM	can	do	
little	to	illustrate	to	us	the	consequences	of	connections	we	cannot	account	for	or	understand,	it	
can	nevertheless	make	starkly	clear	where	the	limitations	of	our	understanding	lie,	and	in	so	
doing,	forces	us	to	question	the	certainty	with	which	we	believe	our	chosen	interventions	will	
achieve	the	ends	we	seek.	
This	is	no	mean	feat.	We	all	operate	to	long	established	heuristic	rules	and	mental	models		
which	make	the	incorporation	of	long-term,	conceptual	drivers	beyond	our	immediate	day	to	
day	experiences	almost	impossible	to	account	for.	This	is	particularly	so	when	we	envision	their	
prioritisation	as	needing	to	not	only	equal	but	surpass	the	drive	to	live	in,	earn	a	livelihood	from	
and	draw	a	cultural	identity	from	our	vulnerable	coastal	fringe.	
It	is	clear	that	no	decision	support	framework	or	tool	can	necessarily	provide	profound	insight	
or	the	generation	of	new	understandings	on	its	own.	Yet	FCM	stands	out	as	perhaps	offering	
greater	potential	to	do	so	than	comparable	alternatives,	intersecting	as	it	does	with	the	very	
mental	model	structures	and	heuristics	which	have	served	us	so	well	in	evolutionary	terms	but	
now	hinder	our	acceptance	of	the	need	to	acknowledge	our	contribution	and	vulnerability	to	
global	environmental	change.	It	is	with	this	particular	strength	in	mind	that	the	future	use	and	
development	of	FCM	should	be	pursued.	
There	must	therefore	be	further	effort	invested	in	determining	what	can	and	cannot	work,	and	
to	what	extent,	before	the	adaptation	community	leaves	FCM	behind	in	describing	and	
promulgating	best	practice.	There	is	no	doubt	that	support	for	the	development	of	complex	and	
potentially	burdensome	approaches	such	as	FCM	needs	to	be	provided	at	national	or	regional	
scale,	rather	than	left	to	vagaries	of	resourcing	at	the	local	scale.	Determining	with	greater	
accuracy	just	how	locally	specific	a	coastal	systems	model	built	using	FCM	needs	to	be	in	order	
to	support	local	scale	adaptation	would	be	an	important	step	forward.	
Similarly,	determining	which	metrics	must	be	focussed	on	in	order	to	meaningfully	assess	
progress	toward	(or	indeed	away	from)	a	desired	system	steady	state	underpinning	transition	
would	be	of	enormous	benefit	to	coastal	communities	faced	with	an	increasingly	unpalatable	
range	of	decisions,	and	a	narrowing	window	of	time	in	which	to	make	them.	Achieving	a	
mainstream	acceptance	of	the	need	for	SES	resilience	assessment,	and	further	breakthroughs	in	
the	potential	to	measure	states	of	transition,	may	be	essential	factors	if	limited	resources	are	to	
be	harnessed	in	support	of	maximum	adaptation	efficacy.	
Much	of	the	SES	analysis	work	described	in	this	thesis	underpinned	the	development	of	the	
Local	Authority	Adaptation	Strategy	Development	Guidelines	(and	its	supporting	vulnerability	
analysis	tools)	included	as	supplementary	material	in	this	thesis.	However,	in	the	absence	of	
resources	being	made	available	at	regional	or	national	scale	to	support	capacity	development	at	
local	scale,	a	more	orthodox	approach	is	described	within	it.	The	guidelines	nevertheless	begin	
to	pave	the	way	for	SES	analysis	of	the	mode	described	here,	introducing	elements	of	fuzzy	logic	
characterisation	of	relationships	between	climate	impacts	and	local	authority	service	provision.	
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SUPPLEMENTARY	MATERIAL	
https://www.epa.ie/pubs/reports/research/climate/researchreport164.html	
	
	
	
